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PREFACE 



For railway as well as highway bridges, 
there is probably no other form of gird- 
ers that are more extensively used and 
daily being constructed than plate-girders. 
The reason for this lies mainly in the 
simplicity of their construction and their 
stiffness as compared with open-girders. 
That the construction of a plate-girder is 
simple, is, however, no reason to sup- 
pose that the stresses produced in it by 
external forces are, also, simple. On the 
contrary, to determine actual stresses in 
every part of a plate-girder is one of the 
most complicated problems that can come 
in the way of bridge engineers. 

The abundance of plate-girder draw- 
ings in almost every engineering office, 
no matter whether their designs are cor- 
rect or not, has usually been a source to 
many draughtsmen to "design" a new 
girder, and indeed even in regular bridge 
works in the rush of work, as is usual in 
those places, is there hardly any oppor- 
tunity for draughtsmen to examine 



d by Google 



whether each part is rightly proportioned 
or not, unless they are thoroughly posted 
in the ground principles upon which rest 
every part of the design of a structure, 
and, which latter being not always the 
case, as a consequence plate-girders are 
often designed and constructed in a most 
careless manner, no particular attention 
being paid to the proportion and arrange- 
ment of parts, the spacing of rivets, etc., 
every one of which forms the most im- 
portant factor in the strength of a girder ; 
merely showing that the fact that a 
structure is standing is not the indication 
of the correctness of its design. 

It is the aim of the writer, in the little 
volume now given to the public, to present, 
in as simple a manner as possible, 
a somewhat rational mode of design- 
ing girders of this class with special 
reference to American practice. And in 
the absence of any particular treatise on 
the subject within the reach of everyone 
as yet, it is hoped that it may be of some 
help to beginners in bridge designing. 

I. H. 
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Web-Stress. 



While in trusses without superfluous 
members, or those supposed to be so, to 
determine the stresses acting in their 
members is quite a simple matter, we are 
in much ignorance as to the nature and 
amount of stresses in certain parts of plate- 
girders, which are usually considered 
to be the simplest forms of girders, al- 
though they have been the subject of 
elaborate mathematical inyestigations, 
especially by Prof. Airy and Mon. Bresse. 
In trusses like ordinary lattice girders, 
any one can see at once that the bending 
moment produces two parallel stresses 
resisted by two chords, and that the shear 
produces in the web-members stresses 
whose directions correspond to those. of 
the resisting members themselves, in 
order to form proper reactions at both 
ends of the girder. The amounts of all 
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these stresses can be easily calculated by 
well-known methods. But not so with 
continuous web-pkte-girders. Even after 
we consider, as is most frequently done, 
as taken off from the web the function of 
taking part in resisting flange stresses, 
and consider flanges alone as taking care 
of the bending moment, the ambiguity of 
stresses in webs still remains. Prof. 
Airy communicated the result of his in- 
vestigation to the Eoyal Society in 1862, 
under the title, " On the Strains in the 
Interior of Beams." Starting from the 
consideration that a beam is composed of 
laminse in a vertical plane, and that any 
number of forces acting at a point may 
always be replaced by two forces at right 
angles to each other, he derived equa- 
tions of equilibrium, with which he deter- 
mined the magnitudes and directions 
of these two forces in several parts of a 
beam under various modes of loading and 
supporting. His investigation verified 
the already existing notion that stresses, 
compression and tension take place in 
the web at the angle of 45°, a fact which 
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Stephenson more than 40 years ago 
found from his experiment on the model 
of the Britannia Tubulwr Bridge. The 
days for Britannia and Conway tubes are 
now gone, but in those days there was 
much controversy as to the relative merits 
of plate and open-girders for large spans. 
Starting from the result of his experiment, 
Stephenson argued that since plate-girder 
is nothing more than a lattice-girder with 
web bars put close together, and that the 
bar in tension may at the same time be 
subjected to compression in the direction 
of its width, one-half the amount of metal 
caQ be saved if the web were a continuous 
plate. On the other hand, it has been 
rightly argued that, on account of the 
impossibility of accurate determination 
of stresses in the web, and of other prac- 
tical causes, larger amount of material is 
required to cover that ambiguity for 
plate-girders, than for lattice-girders, for 
which a more economical distribution of 
material is possible. 

It is beyond the scope of our present 
work to enter into the discussion of 
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mathematical investigations of continaous 
web strains, nor will it be of much ixse 
when we consider in the light of experi- 
ments how different often is the actual 
state of affairs in a piece of material sub- 
jected to stresses in different directions 
from what the theory asserts. Under 
such circumstances, the less strained part 
tends to help the more strained part, aii<l 
the stresses change from one direction to 
another in manners depending upon the 
intensities of stresses and molecular ar- 
rangements of the materials, and thus 
defy all correct determination of actual 
stresses. Qii this point the experiment 
of Mr. Baker* on the strength of beams 
is of great interest. 

In order, however, to form some notion 
of the nature of stresses in a continuous 
web, and to derive formulas necessary for 
proportioning the same, we will view the 
matter in the simplest manner possible. 
In a beam supported at both ends, and 
subjected to the action of a vertical 
force, it is evident that at any of its ver- 

See Minutes of the Institution of Civil Engineers, 1680. 
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tical sections, by the virtue of the bend- 
ing stress, that part of the beam above 
the neutral axis is subjected to compres- 
sion, and that below to tension, whose in- 
tensities attain maximum values at the 
outermost fibers of the beam, and de- 
crease to zero at the neutral axis. This 
intensity at any point is at once obtained 
from the well-known equation of flexure : 

^y=/ (1) 

i. e., the bending moment M, divided by 
the moment of inertia I of the section of 
the beam, multiphed by the distance y of 
the point from the neutral axis, gives the 
intensity /of the stress at that point. 

Now the bending moment M increases 
from the end toward the middle of the 
beam, and with it evidently the intensity/ 
of the horizontal stress also; so that/ 
varies not only in vertical direction on 
both sides of the neutral axis, but also in 
the direction of the length of the beam. 
Let X X and x x' be two sections of the 
beam very close to each other, and N N 
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10 




the neutral axis. Then the variation of 
the value of / in both sections may be 
represented by triangles with apices in 
the neutral axis, while the variation in 
the longitudinal direction between these 
two sections, by the diJBPerences of the 
areas of two triangles, as shown shaded 
in the figure. This increase of horizontal 
stress from one section to another pro- 
duces at every longitudinal layer force 
tending to slide it past the next above it, 
and is transmitted undiminished toward 
the neutral axis, where this shearing force, 
which has been increasing at every layer, 
attains its maximum intensity. This 
stress is called the longitudinal ahear^ 
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and can be at once obtained from equa- 
tion (1). Thus let/' be the correspond- 
ing value of /in section a' x' ; and let M 
and M' be the bending moment in the two 
sections x x and a' x' respectively, and a, 
an infinitely small cross area, distant y 
from the neutral axis. 

The total horizontal stresses acting in 
that part of the section lying between 
the extreme fiber distant h from the 
neutral axis, and the layer y' y distant y' 
from the axis in xx and a' a' are re- 
spectively : 



h 


h 


2fa , 


2fa 


y' 


y' 



The longitudinal shear in the layer y' y' 
between the two sections is therefore 
equal to 

h h 

y y' 

Substituting in the expression the values 
of /and /' given by equation (1) we ob- 
tain 
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y' y' ^ ^ ' y' 

Since the area on which this horizontal 
shear is acting is equal to ^. A x when ^ 
is the breadth of the cross section at the 
layer y' y' and A x the distance between. 
X and a, we obtain for the intensity of 
the shear 

/M'— M ^ ^ 




The existence of such a stress becomes 
evident to any one, when, instead of a 
single beam, two beams be made to lie 
one upon another, which either by their 
own weight or specially applied forces 
will assume a shape as shown in Fig. (2). 



Fig. 2 




If they are now joined together by bolts, 
they will act as a single beam, and the 



d by Google 



13 

shearing stress on these bolts is in- 
dicated by the force required to bring the 
two points a and h together. 

The vertical shearing action at any 
section of the beam is simply the reaction 
due to the load at one end minus that 
part of the load lying between that and 
the section, or 



Saj=(R--J«z?V 



-(3) 



in which Sa; is that vertical shear at a 
point distant x from one end at which 
the upward section is E. 

Thus at every point in a beam there 
are two shearing actions taking place at 
the same time. Imagine abed (Fig. 3) 

Fig. 3 




to be an infinitely small portion of the 
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side of a beam at a point distant y' from 
the neutral axis. Suppose the sides of 
this area element be Ax and Ay and 
the breadth of the beam at the point to 
be h. There are then found two shearing 
stresses on this element, one vertical and 
the other horizontal. These two shears 
form two pairs of couples acting around 
the body, as shown by four arrows. Let 
tx represent the intensity of the horizon- 
tal shear at this point and ty that of the 
vertical. The amount of the horizontal 
shear is equal to 

tx, A «.b. 
that of the vertical shear is likewise 

In order that the body be in equilibrium, 
the moments of these couples must be 
equal, i. 6., 

tx.£^x,b. Ay=ty.Ay.b, ax 
Consequently 

tx=ty (4) 

showing that at every point in the beam 
the intensities of the vertical and horizon- 

Digitized by.VjOOQlC 
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tal shears are equal, and hereafter desig- 
nate them with one common letter t 
The value of tx has already been deduced 
in equation (2) namely : 

0. A a. 1 yf 

But, as will be explained in the next 
chapter, 

X 

M=Baj — ^ w{x' — d) 



in which d represents the distance of 
loads w from the end at which the reac- 
tion is R. Likewise : 

X' 

M'=Ra;'-i: w{x'-d) 
o 
consequently 

X 

M'— M=R(a«'-x)— 2: nix'-x) 
o 
but 

\ x' — aj=Aic 

hence 

— = R—Z^M? 
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From eq. (3) we obtain 
M'— M 



=Sx 



AX 

Substituting this value of in eq. 

(5) we get 

This equation gives at once at any point 
of the beam the intensity of longitudinal 
and vertical shears. 

At the neutral axis where y'=o eq. (6) 
becomes 

t=^^Iay (7) 

There still remains to be considered 
stresses acting on the sides of the ele- 
ment (Fig. 3); of which one is the horizon- 
tal force ^, whose value was already given 
in equation (1), tending either to com- 
press together or pull asunder the two 
faces a c and b d, according as it is on the 
upper or the lower side of the neutral 
axis; and the other is the direct com- 
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pression on a b due to the weight lying 
on it ; but the latter is usually so small 
that it can entirely be taken out of 
consideration. 

At the neutral axis where /=<?, tx and 
ti/ are then the only stresses, and we 
know from mechanics that the resultant 
action of two equal shears afc right angles 
to each other, exactly as tx and ty are, is 
equivalent to that of two equal and oppo- 
site stresses at right angles to each other, 
called the principal stresses, and making 
an angle of 45° with the shearing stresses. 
But at a distance each side from the 
neutral axis, now comes in the third stress 
f^ which evidently gives the new direction 
to the line of resultant stress, turning 
the axis of principal stresses toward 
itself more and mora as its intensity in- 
creases. 

Since for all directions and intensities 
of stresses there can always be found 
two planes at right angles to each other, 
and in each of which the resultant action 
of these stresses is normal to its surface, 
forming the planes of action of the prin- 
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cipal stresses, and as soon as we know 
the intensities and directions of these 
stresses, we can determine, either graphic- 
ally or analytically, the direction and 
intensities of the principal stresses ; the 
values of t and /at any point will give us 
the direction and intensities of maximum 
tension and compression at that point. 

Fig. 4 represents the appearance which 
the lines of principal stresses thus ob- 
tained presents. The lines of maximum 
tension shown dotted, cut the lines of 
compression every time at right angle. 
Both lines cross the neutral axis at the 
inclination of 45® to the same, and run 
almost pai-allel to it in the middle of the 
beam in the neighborhood of extreme 
fibers. If we represent with p the inten- 
sities of stress along these curves, we 
have 

/>=i/^ V 4.f -h r (8) 

giving us at every point two values of p, 
viz.: compression and tension, and their 
directions being at right angles to each 
other. 
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Now comes in the question how the 
web should be proportioned to resist 
such stresses. There are almost as many 
methods advanced as there have been 
authorities on the subject. Perhaps the 
rational, and, at the same time, the most 
practical way of proportioning the web is 
to make its section sufficient merely to 
resist the entire shearing stress, without, 
however, passing the limit below which 
the oxidation by the moisture of the air, 
and the excessive increase oi pressure on 
the rivet become unfavorable elements; 
and wherever in the web thus propor- 
tioned be found section that is not strong 
enough to resist as a column in the line 
of maximum compression, the intensity of 
the same, to rivet stiffeners composed of 
angles or plates. In America the thick- 
ness of the web plate is hardly ever made 
less than f inch, and on the continent of 
Europe rarely less than one centimeter. 

Although, as we have already seen, the 
shearing stress at any section is not uni- 
formly distributed, yet when we solve 
eq. (7) for different points in a vertical 
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section of a flanged beam with a very 
thin web, we find the values of t vary 
from the extreme fiber toward the neutral 
axis, as shown by the shaded area (Fig. 5). 



Fig. 
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The increase throughout the web is almost 
inconsiderable, and we can on that ac- 
count consider the shearing stress to be 
entirely borne by the web, and to be uni- 
formly distributed over its section, i.e.. 



(9) 






in which A is the area of the cross section 
of the web plate. Or, since it is by the 
virtue of the bending moment that the un- 
equal distribution of stress takes place in 
the section, if we now, under the suppo- 
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sition that flanges alone resist the entire 
bending moment, and the web only the 
shearing action, solve eq. (7), confining 
the summation to flanges only, we obtain 

^= t 
hh 

X 

in which h^ is the distance between the 
centers of gravity of top and bottom 
flanges ; and h the thickness of the web, 
or what is practically the same as eq. (i).) 
Consequently at any point of the web, 
by dividing the, shearing force at that 
point by the distance between the centers 
of gravity of flanges we obtain the amount 
of shearing stress per unit of length in 
its direction, which we will designate by 5, 
and we have 

s=zt h=^ (10) 

X 

The significance of these formulas will 
appear in the following chapters. 

In order, therefore, to determine the 
thickness of a web plate, we firs't obtain 
the maximum shearing force, which, of 
course, will be found always at the end of 
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the beam, then divide this by the shear- 
ing strength of iron per unit area, and the 
quotient is approximately the necessary 
section. But, as w£^8 already explained, 
the action of the shearing stresses at the 
neutral axis is equivalent to compression 
and tension at right angles to each other 
and of equal intensity, making an angle 
of 45° with the axis, the web is still in 
danger of failing by flexure under this 
compressive stress. Consequently the 
web, with its thickness as already propor- 
tioned for shearing, must now be examined 
for its strength as a column inclined at 
46°, and of the length, therefore, of h' sec. 
45° fixed at both, /i' being the vertical 

Fig. 6 



a 



/ 46° 



k 



distance between the upper and lower 
rows of rivets in the web. For this pur- 
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pose, Gordon's column formula may be 
used, which is 

8000 



c=- 



1 + 



3000 h" 



in which c is the allowable compressive 
stress per square inch; h the thickness 
of the web*and Z=h' sec. 45°. It may 
be here remarked that the value of 8000 
for the numerator of the second term 
of this equation may be in some cases 
found to be taken too low, but to avoid 
the tedious operation of conforming to 
its ever changing values (see the next 
chapter) we have taken it as constant, and 
we are so much on the safe side. In or- 
der further to save the trouble of work- 
ing out the formula for every case, is 
given the following table, from which, 
knowing the values of h* and ^, we at once 
obtain the value of c. 

Now if we know the amount of shear 
at any point where we wish to determine 
the strength of the weh^ we divide that 
shear by the cross sectional area of the 
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Table. 



h' 

b 





h' 
b 


c 


40 


3870 


70 


1880 


42 


3680 


75 


1690 


44 


3500 


80 


1520 


46 


3320 


: 85 


1380 


48 


3150 


90 


1250 


50 


3000 


i 95 


1140 


52 


2860 


' 100 


1040 


54 


2700 


t 110 


880 


56 


2590 


! 120 


760 


58 


2470 


1 130 


650 


60 


2350 


; 140 


570 


65 


2100 


1 





latter, and then compare this shearing 
stress per square inch thus obtained with 
the value of c in the table, against the 

corresponding value of — -. If the shear 



per square inch is less than c, it shows 
that the web is stiff enough by itself, but 
if, on the contrary, c is less than the shear, 
then the web must be stiffened. 

So far as this resistancy against com- 
pressive stress alone is concerned, stiffen- 
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ers iDclined 45" may be more effective in 
strengthening the web than the vertical 
ones, but on account of the difficulty of 
construction of the former, and also for 
the action which the latter comes into 
when the load lies on the top of the gir- 
der direct from the flange, stiffeners are 
always made vertical. 

The spacing of stiffeners is more a 
matter of experimental determination and 
judgment than of mere calculation — the 
fact which our foregoing discussion of 
the web stresses might suggest to any 
one. Mr. Jos. M. Wilson* has given a 
safe rule, which says that " stiffeners in 
girders over 3 feet in depth shall be 
placed at distances apart (center to cen- 
ter) generally not exceeding the depth of 
the full web plate with the maximum 
limit of 5 feet. In girders under 3 feet 
depth they may be 3 feet apart, and in 
some special cases, where there is little or 
no sheaiing stress, at greater distances." 
This refers, of course, to those parts of 
the girder where there are no concentrat- 

*Compare Penna. R. R. Co. Bridge Speoifioation. 
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ed loadings, as in floor beams supporting 
stringers, or as in through plate-girders 
with floor beams, in which cases stiffeners 
are invariably to be riveted at these 
points of connections, as shown in Fig. 4, 

pi. I. 

There are several other rules for spac- 
ing stiffeners given by different engin- 
eers.* 

There is still another point to be con- 



Fig. 7 
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sidered in the strength of webs, those 
girders in which the maximum bending 

*Aa one of those worthy of notice, Mr. O. Chaunte, 
in the N. Y., Lake Erie and Western R. R. Specifica- 
tion, says that when tbe least thickness of web is less 
than ^^ of tbe depth of the ^h^er the web sball be 
stiffened at intervals not over twice the deptb of the 
girder. 
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moment and great shearing stress exist at 
the same point. Thus in a floor beam 
at the point of connection of the string-er 
with the web, there co-exist at the point, 
at infinitely small distance to the left of 
a b, maximum bending moment and 
shear, which also is almost maximum. 
Here, specially in the vicinity of the upper 
row of rivets, the valve of p given by 
equation (8) should be found out. If p 
is less than the allowable stress, the web 
is strong enough. If, however, p exceeds 
it, the moment of inertia of the girders 
must be increased. 



Flange Stresses and Flanges. 

The dead load on a plate-girder bridge 
consists of the weight of girders them- 
selves and the floor system which it 
carries, and may, under most circum- 
stances, be considered as a uniformly dis- 
tributed load. For standard gauge 
single track railway bridge, the weight of 
floor system (consisting of cross- ties, 
guard rails, rails, splices, bolts and 
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spikes) rarely exceed 450 lbs. per lineal 
foot of the track. 

The weight of girders alone can be 
best determined by the use of a simple 
empirical formula given by Mr. G. H. 
Pegram in a paper read before the Am. 
Soc. of Civil Eng., in Feb., 1886. 



W=(754-i) V« 



in which « = span in feet (effective 
length), and TF= weight in pounds of 
entire iron work of a single track deck 
plate-girder when s is between 20 and 
80 feet, and a is the constant depending 
on the kind of moving load. 

There are several other formulas, 
among which those given by Profs. 
Burr and DuBois give veiy good results. 

As io^^r oiling load^ the diagram given 
on page 30, showing a load system consist- 

* In tbis formula, it is assumed that the allowable 
stress in tension is 10,000 lbs. per sq inch, in sbearingr 
7,500 lbs , and in compression 8,000 lb«., reduced by or- 
dinary column formula when necessary. Further 
that the live load stresses are increased from 30 to 8% 
for spans of from 25 to 80 ft., to allow for tbe eflfects of 
impact. 
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ing of bwo 80 ton consolidation engines, 
coupled and followed by a uniform load 
of 3,000 lbs. per lineal foot, represents 
about the heaviest rolling load system 
in the United States, although these fig- 
ures have in few cases been exceeded. 

Some passenger engines may for 
small spans giye more unfavorable load- 
ing than these, and every case must be 
investigated for itself; and a bridge en- 
gineer must have before him all possible 
sorts of rolling load of the road for which 
the bridge is to be designed. 

The bending moment due to uniform li/ 
distributed loading is at once obtained 
by the well-known formula of simple 
beams : 

M=lv X (1--X) (12) 

in which M is the bending moment at 
any point distant x from one end of 
the beam; w, the uniform load per 
unit of length, and ^ the length of span. 

Fig. 9 

^ — , — ,. — . 



— a^- 
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The word span will throughout be 
used to denote the effective length on 
the distance between centers of bearings. 

For the bending moment at the center 
(a;=i /) equation (12) becomes: 

M=^ w r (13) 

The graphical representation of the 
bending moment due to a uniform load 
is a parabola with apex at the middle of 
the span. 

The maximum bending moment dice to 
the rolling load can be determined either 
analytically or graphically, the latter 
method being, however, far more prefer- 
able, on account of the rapidity with 
which the work can be performed. With 
the analytical method one has to solve 
the equation of bending moment at 
different sections of the beam under the 
position 01 the moving load giving the 
maximum moment. Thus, with loading 
like Fig. 10, we obtain for the reaction 
"R" atone end: 

^_ w"'d"'i-w"d''-^ w'd' 
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Fig. 10 
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and consequently for the bending 
moment at any section, distant x from 
one end, we get 

M'=R( l-^x)—\w'\d"—x) + w{(t—x)] 

Repetitions of such a work require, 
even when accurate results are not need- 
ed, considerable work. 

On the other hand, with the graphical 
method one has merely to construct an 
equilibrium polygon, and by placing the 
given span in different positions under 
the rolling load (which amounts to the 
same thing as letting the rolling load to 
pass from one end of the girder to the 
other), the maximum moments at differ- 
ent sections are more readily obtained. 

We know from statics that in a simple 
girder with loads distributed over it 
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either uniformly or arbitrarily, the ratzosi- 
mum bending moment at any sectiorh is 
found when the loads on each side of tliis 
point are to each other as the parts into 
which the point divides the span. 6iit 
for a single load traveling over the 
girder, it is evident that the maximum 
moment at any point is found when tlie 
load lies at that point. Consequently 
the maximum bending moment at any 
point of the girder will be found when 
one load lies at the point, and the rest 
so located as to fulfill the condition 
already mentioned; or, expressed by 
formula : 

Moment will he maximum at any point 
X (Fig. 11) when 



2to + a part of vf 

X 



a X 



w, w 



^^ 



a 



1 



X 



^ the remaining 
7 part of w'^ 

X b 



W\t, Wtv tl\ Wmx W W 



Fig. 11 
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To find the load w*, which, when resfc- 
ingf on a section, gives the maximum 
moinent for that point, requires some 
work, as some trials must be made for 
every load and point; but it is usually 
sufficient for all practical purposes, for 
short spans, to place the second driver of 
the second locomotive over the section 
at which we want to determine the 
moment, and obtain the same by the 
method to be mentioned in the follow- 
iug pages. Of this one can be easily 
convinced by a few trials. 

The following points will suggest what 
position and what part of the load 
system are to be looked for to find the 
maximum moments. 

1. For uniformly distributed load 
over the entire span, the maximum bend- 
ing moment is in the middle of the span, 
and therefore at the center of gravity of 
the total load. 

2. When the load is not uniformly 
distributed, the center of gravity, and 
with it the point of maximum moment, 
will approach the heaviest load. 
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3. For a load system of the second 
olassy the absolute maximum of moments, 
however, does not occur at the middle 
point of the span, but under the load 
which is nearest to the center of gravity 
of the system, when they (that load and 
the center of gravity of the system) are 
equidistant from the middle point of 
the span.* 

Now we proceed to an actual example : 

As an exam^pUy let us take a single 
track standard gauge deck girder of 50 
ft. span, L e.y measured between the 
centers of bed plates. 

The weight of the girder, according to 
the formula already given, with a=10t 
will then be equal to 

+ 

W=(75H)»-)50y'50=28,000 lbs. 



* For proof see DuBois* Element of Graph. Statics, 
obap. vii. 

t Mr. Pegram has given for the rolling load we have 
taken, 7 for the yalue of a. But on account of differ- 
ences in assumptions, as will be seen farther on, from 
his, we make a=10. 
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The weight of the floor Bystem assumed 
to be 420 lbs. per lineal ft.=: 

420x50 =21,000 
Total dead load=49,000 lbs. 
Since there are two girders, the load 
per lineal foot on one will be equal to 

f!229=490/6..=W. 
2x60 

We will divide the entire span into say 

10 equal parts to determine at these points 

of division the maximum 6tresses(Fig. 12). 



y ^ P <j? f 



. L 



^.^^.i^^^L 



Fig. 12 

Eq. (12) at once gives the moments at 
these points as follows : 

AtaM=iX490x 5(50— 5)=55,l00n.ll)S 
6 M=iX 490x10(50— 10)= 98,800** 
c M=i X 490 X 15(50—15) = 128,600" 
d M=ix490x 20(50— 20) =147,000" 
e M=ix 490x25(50— 25) =153,100" 
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These moments, when graphically 
represented, form the ordinates to the 
parabola with vertex at the middle of the 
span (Fig. 13.) 

The bending moment AnQ to the moving 
load will be obtained graphically,* and 
the whole process is nothing more than 
what is to be seen in Figs. 1 and 2 of 
PI. I, and requires but little explanation. 

In a horizontal line (Fig. 1, PI. I,) lay 
down to any convenient scale ; here taken 
at 20 feet to an inch (in practice a larger 
scale, say 5 feet to an inch, should be 
chosen), the system of load for length 
enoTlgh to cover the ranges of various 
positions of 60 feet girder, for which the 
bending moments are to be determined. 
As stresses need to be determined for 
one girder only, but half the weights are 
to be taken. Lay down in a vertical 
line to a proportionate scale, here 30,000 
lbs. to an inch (in practice take say 
10,000 lbs. to an inch); the weights of the 

* Proofs for the steps of the method here used are 
found in any books on graphical statics. See DuBois' 
Graph. Statics. 



d by Google 



39 

load system beginning at one end in 
succession, as shown in Fig. 2. This is 
called the force diagram. In it choose 
any point P (called pole) at some con- 
venient distance from the vertical line of 
-weights, say If inch. This distance 
represents, according to the scale, the 
horizontal force of If X 30,000 =60,000 
lbs. 

From the pole P draw lines PM, PN, 
PO, etc., to the end of each weight (Fig. 2). 
Then starting from any point I in Fig. 1, 
draw a line I M parallel to PM, and pro- 
duce it until it cuts in point m, the per- 
pendicular let fall from the load cor- 
responding to the first weight in the 
force diagram. From this point m draw a 
line parallel to PN (of the force diagram), 
cutting the next perpendicular in n. In 
this way complete the polygon Imnop 
. . . tuvwx^ observing carefully that 
each side of the polygon always occupies 
the corresponding place, as the line to 
which it is parallel does in the force 
diagram. Thus the side no running 
. between perpendiculars, let fall from the 
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loads 8,000 and 6,000, is parallel to the 
line PO (of force diagram) which is drawn 
to the point of junction of those weights. 

The position of the locomotive, as 
shown in the figure, follows the rule 
already deduced. 

The center of gravity, or more proper- 
ly the resultant of the system of any 
number of loads, is at once found by pro- 
longing the outermost sides of the poly- 
gon formed by so many loads as the 
number for which the resultant is re- 
quired. Thus the resultant of the loads 
lying on the girder in the position I, viz.: 
8,000, 6,000, 4 of 12,000 and 2 of 8,000, is 
found by producing the outermost sides 
111 n and u v until they meet in T, through 
which the resultant must pass. 

According to what has already been 
said, the maximum moment is found 
when the center e of the girder lies mid- 
way between the perpendiculars through 
T, and that through the load nearest to 
it, viz. r, I shows the girder in such a 
position. Let fall from the ends of the 
girder perpendiculars cutting the sides 
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of the polygon in points 1 and 2 ; join 1, 

2. The maximum vertical distance 
between the line 1, 2 (called the closing 
line), and the sides of the equilibrium 
polygon, multiplied by the horizontal 
force represented by the pole distance, 
gives the maximum bending moment. 
Thus we find the maximum vertical dis- 
tance to be at r, and which measures 
11.65 feet. But the horizontal force has 
already been taken at 50,000 lbs., hence 
the maximum moment is equal to 

11.65x60,000=582,500 ft. lbs. 

The maximum moments at the center 
and at e differ very little from this 
absolute maximum, and consequently 
they will be assumed to be alike. 

Shift the span now to the right till the 
second driver comes over the point c, as 
shown in position II. Let fall the per- 
pendiculars ; join 3 and 4, and measure 
the maximum vertical distance between 

3, 4, and the polygon. This we find to 
be 10.1 ft. Hence the maximum moment 
at c is equal to 

10.1X50,000=505,000 ft. lbs. 



d by Google 



42 



In the same way, by bringing the 
second driver over points a and 5, as 
shown by positions m and IV, we obtain 
the maximum moments at these points. 
These we find to be : 

At 5 7.8 X50,000=390,000ft. lbs. 
a 4.26X50,000=213,000 « " 

The total maximum moments at every 
point of the girder will evidently, when 
platted give a shape as shown in Fig. 13, 
in which the lower curve is a parabola. 




Fig. 13 

and due to the dead load. The sum of 
the ordinates at any point on both sides 
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of the horizontal line gives the total 
maximum moment at that point. Thus 
we have for the total moments at several 
points : 

Dead. Live. Total* 

At a 66,100 + 213,000=268,100 ft. lbs. 

b 98,000 + 390.000=488,000 " " 

c 128,600 + 505,000=633,600 '* " 

e/ 147,000 + 682,600=729,500 « '* 

e 163,100 + 582,600=735,600 *' " 

In determining the sectional area of 
flanges we will, as already said, take the 
web plate out of consideration, and sup- 
pose that the flanges alone resist the bend- 
ing moment, mainly for the reason fchat the 
part which the web contributes to the 
flange section is inconsiderable, as seen 
in the following calculation : 

Moment of inertia of a web= — 

12 

I-A ;. . ^^' 1 -A A 
V 12 A 



Assuming that h=:\ we obtain Ai= 

6 
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i. 6., the sectional area which the web 
contributes to the flange is but ^ of its 
own, which is c^tainly a very small 
amount, seeing the thickness of the web 
to be usually not more than f inch. 

The depth of girder is more or less a 
matter of judgment for each case. Such 
depths are usually given, as one can flt 
a plate from the rolling mill for web 
without the necessity of shearing. For a 
given case one can find the most 
economical depth by few trials, by bearing 
in mind that the increase of depth in- 
creases the weight of web and stiffeners, 
while it decreases the flange areas, and 
vice versa. The depths usually t>ary 
from ^ to ^ of the span, according to 
the lengths of the latter; the shorter the 
span the more nearly the ratio approach- 
ing to the flrst figured, and the greater 
the span is, the more to -j^. 

Our attention will entirely be confined 
to the construction of parallel flanged 
girders, as the curved flanges are, on 
account of the much increased cost of 
construction, rarely used. 
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It may be here remarked that it is 
usually only between spans of 15 and 80 
feet that plate girders can be advantage- 
ously used. For spans less than 15 feet 
solid rolled beams, and for greater spans 
than 80 feet, open girders are usually 
used. 

We will fix the depth of our girder at 
4 feet 6 inches. When we have one or 
more plates on the flanges we can, with- 
out much error, assume the distance be- 
tween the centers of gravity of the 
flanges to be equal to the distance back 
to back of the flange angles, and take 
this as the effective depth of the 
girder. 

As the flange section increases, the 
effective depth evidently varies more or 
less, but we can assume them to be con- 
stant throughout ; at least we are on the 
safe side by doing so. 

To find flange stresses we have now 
but to divide the maximum bending 
moment already obtained by the effective 
depth. Thus we obtain : 
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^t^268^100_ 59^600 lbs. 68,500 lbs. 
4.5 
^488,000_^QggQQ „ 124,800 " 

4.5 ■<*■ 

c???!5??= 140,800 « t 161,900 « 

4.6 .5 

c?I?M2?=162,100 " ^ 186,400 « 
4.6 

^736,600_.^gogQQ " 188,000 " 
4.6 

This addition of 16 ^ is to provide to 
a certain extent for the impact which the 
moving load traveling over the girder 
brings about. 

The actual amount of stress produced 
by the moving load like a locomotive is 
not possible of accurate determination. 
The imperfect condition of the track 
causes the moving load to produce 
shocks, and then again the centrifugal 
force of the unbalanced weight of driving 
wheels, which act like a hammer with 
repeated blows,* as well as the vertical 

•Shocks on Railway Bridges. Mr. J. W. Cload, 
Prof. Am. Inst, of Mining Engineers, 1881. 
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component of the thrust of the connect- 
ing rod of the locomotive, produces 
.stresses not always possible of accurate 
determination. 

Allowable stress: —There is a diversity 
of opinions as to the amount of allowable 
stress in a plate-girder, but all agree in 
this, that, on account of the great differ- 
ence between the dead and live load, or 
more properly between minimum and 
maximum stresses, and the suddenness 
with which they change from one to the 
other proportionally as the spans de- 
crease, the allowable stress should be 
much lower than in structures of longer 
spans than is usually spanned with plate- 
girders. 

Laundhart's formula gives the 'allow- 
able stresses conformably to the long 
series of experiment (of Wohler), and is 
the one that is being more and more 
used by engineers, but not without 
some room for doubt whether it is appli- 
cable to all kinds of stresses under all 
circumstances. The following is that 
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well-known formixla for stresses in the 
same direction: f 



p=u^ 



^ t — u minimum stress, 
u maximum stress. 



in which t is the stress which by a sing-le 
application produces rupture, which, ac- 
cording to WShler, can be accompHshed 
by somewhat less stress than t if repeated 
sufficient number of times ; u is the 
stress per squate inch after indefinite 
number of repetitions of which the bar 
still returns to its original unstrained 
condition, and consequently its value 
becomes greater the less the number of 
repetitions to be endured is; p is the 
stress per square inch, which, after great- 
est number of repetitions possible, is still 
just capable of sustaining the load. 
Wohler found for a certain axle-iron that : 
^=56,900 lbs. w=31,200 by flexure 
and«=46,800 " m= 31,200 by tension, 
and for a certain kind of steel, that : 
«=104,400 lbs. w=51,300 by tension. 

t Compare Weyrauch's Structure of Iron and Steel. 
Transl. by Prof. DuBois, chap. ii. 
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From these figures we can give the 
liaiindhardt formula, the following shape 
to be used both for iron and steel. 

'+^.) (14) 

in which a is the allowable stress per 
square inch, and c is equal to u divided 
by the factor of safety, and is : 

For wrought iron plate and 
shapes in tension, 8,000 lbs. 

For wrought iron plate and 
shapes in compression, 7,000 '' 

For steel in tension, 10,000 " 

« *« " compression^ 9,000 " 

Further to obtain the actual allowable 
stress for the compressed flanges^ the 
amount given by the above formula, 
whenevjfer the unsupported distance is 
more than 12 times its width, must 
be reduced by Eankine's formula, deduced 
from Fairbam experiment, viz : 

1+ — 

5,0006 

in which k is the actual allowable stress 
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per square inch, and d the width of the 
f ange, and I the unsupported length ; a 
the allowable stress already found. 

In all the allowable stresses above 
given, it is supposed that iron has the 
elastic limit of not less than 26,000 lbs., 
and an ultimate strength of not less than 
60,000 lbs. per square inch when tested 
in ordinary test piece, and that steel, to 
have not less than 36,000 lbs. and 60,000 
lbs. for these values. 

Returning now to our 60 ft. girder 
we find the ratio of the dead to total 

stress as already found or( 5?^) is about 
• Vmax./ 

=^ throughout. Consequently 

a =8,000 (l+^W 9,600 lbs. for tension. 

a=:7,000 /l + iW^.'^^^ ^^^- ^""'^ ^o^Pres- 
' \ V sion. 

Hence we obtain the following sections: 
Top flange : 

., ^ 68,600 Qo • u 

At a — ^-rPTT = 8.2 square inches. 
8,400 

8,400 
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c ?^14^?=: 19.3 square inches. 
8,400 ^ 

^18M00^22 2 , ,, 

8,400 

g 188,0t0 __22 4 <t *< 

8,410 

Bottom flaoge : 

A X 68,600 m 1. 

At a — ^_^._= 7.1 square mcnes. 
9,600 ^ 

5 i?ll?2f>=13.0 " - 

9,600 

c 1^^2.0=16.9 '• " 

9,600 

^ 18M00^194 . . 

9,600 

e 1?§^9?=19.6 " " 

9,600 

It now remains to find out the sizes of 
angles and plates to give these required 
sections. It is important, in making up 
flaDge areas, to keep in mind that there 
must always exist a certain relation 
between the ^fictional areas of flange 
angles and plates. No normal stress can 
exist in flange plates without first pass- 
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ing through angles which alone form 
connection with the web. Plate-girders 
are unlike rolled beams, in which every 
part is connected molecixle to molecule, 
but have stresses transmitted only 
through rivets which are distributed 
only at certain distances apart. Con- 
sequently the flange angles are at every 
point more or less subjected to stress in 
addition to their own. This additional 
stress will evidently increase with the 
amount of plates on the back. It is a 
good practice, therefore, to make the 
girder so deep that the flanges do not 
require a large number of plates to be 
packed one upon another, and then to 
choose angles as heavy as possible, con- 
sistent with the total flange area re- 
quired. 

Everybody who does any design in 
iron should be provided with " Book of 
Shapes," issued by almost every iron 
company in the country. Carnegie's 
book is especially to be recommended 
for the purpose. In order to give the 
girder the greatest amount of moment of 
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resistance, it is usual to use angles with 
unequal legs, with longer legs in hori- 
zontal position. It is important that the 
top fiange of a plate-girder should 
always have a plate running from one 
end to the other, even when angles may 
be found which alone are sufficient to 
make up the required section. The ad- 
dition of such a plate evidently requires 
more work of punching and riveting, but 
it gives great lateral stiffness to the 
flange, and also helps to distribute the 
stress more uniformly than with angles 
alone, while at the same time furnishing 
a cover to the small channel left between 
the angles, as the web is not usually 
flush with their backs and where water 
can stand. 

In marking up the hottoin fiange sec- 
tion, rivet holes must be deducted to 
obtain the net section, and in so doing 
the diameter of the rivet hole should be 
taken at least as i inch larger. This latter 
provides to a certain extent for the 
damage done to the strength of the 
metal in the process of either punchiug 
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or drilling. On the other hand, for 
top flange, the gross sectional area 
be taken as making up the same wh^ 
the riveting is well done, i, e., every riv 
completely filling up its own hole. 

Thus we obtain the following section 
For top : 

1 pi. 12 Xi =6. f ^ 

lpl.l2xf =4.6| J 
1 pi. 12 xf =4.5) ^ ^ 

Section in the middle =23.0 sq. inches. 

For bottom flange, supposing we use i 
inch diameter rivets : 

Rivet holes. Throughout^ 
2L« 3iX5Xi=8.0-2x(^4-i)Xi = 7.0 
1 pi. 12 X i=6. — 2xa4-i)Xi=5.0 

Partly. 
1 pi. 12XtV=5.25— 2x(J + 4)X3V=4.35 
1 pi. 12x 1=4.5 ^2x(i + i)X f =3.75 

Net sectional area in the middle =20.1 
square inches. 

It is a fact worthy of notice that the 
majority of plate-girders of iron as well 
as of steel, though of equal top and 
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bottom flanges, fail by tension,* a fact 
which has been observed in the results 
of experiments made some years ago by 
the Dutch Government to determine the 
comparative strength of iron and steel 
riveted girders. This is evidently due to 
the considerably diminished effective 
section of the bottom flange for tension 
by rivet holes, and the metal still further 
weakened by punching or drilling. 
EoU^d I beams usually fail by compres- 
sion when their webs are strong enough. 

In Plate II is to be seen the disposition 
of metals in flanges as well as in the 
whole girder. In order that the rough 
edges of the web plate be not found 
sticking out beyond the backs of flange 
angles, the depth of the girder back to 
back of the latter is made i inch (^ inch 
may, however, do just as well,) more than 
the width of the web plate, so that- the 
additional flange plate may have a flat 
surface to be riveted on. 

In the figure, all dimensions are given 

♦See Charles Bender^s Principles of Economy in 
Designs of Metallic BricUres, p. 18. 
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exact, but each piece shonld be ordered 
a little longer than is actually necessary, to 
provide for cutting and milling works in 
the shop. Thus, for pieces whose lengths 
are less than 10 feet, allowance of ^ inch, 
and for more than 10 feet, J to 1 inch, 
according to the length, should be given. 

Those flange plates which but partly 
cover the flange should be run as many 
inches beyond the point where, according 
to the calculation we have made, the 
sectional area of that plate must form 
the required section, as to catch sufficient 
number of rivets on the flange in order 
to transmit the amount of stress which 
the plate is required to sustain. Thus 
for the plate 12" xf" on the top flange, 
the amount of stress which it is expected 
to receive is equal to 

12X1X8,400=37,800 lbs. 

Now if we have two rows of vertical 
rivets, on the flange, and supposing that 
each rivet has the shearing strength of 
4,400 lbs., the plate must be extended 

to take in at least — -* — = 8 rivets be- 
4,400 
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yond the point at which it is calculated 
to form the flange section. 

For the latter method, that part of 
Fig. 3 lying above the line A B is all 
that is necessary for our case. 

If we look at equation (3) we see the 
shearing action of a moving load system 
is greatest at any section x when the 
system is in such a position that E shall be 

X 

greatest possible, and ^ w the least pos- 

o 
sible. Consequently for a single load 
it gives the maximum shear at any point 
when it lies over that point, and for a 
uniformly distributed load the shear is 
maximum at any point when the greater 
of the two parts into which the point 
divides the length of the girder is covered 
with the load. 

To simplify the operation a little, we 
will take off the head load of the first 
locomotive and make the whole train 
advance from one end to the other. This 
gives evidently a somewhat greater 
amount of shear than when we take all 
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the wheels into consideration, but the 
amount is very small, being at the middle 
of the girder, where the excess is greatest, 
equal to 

6,000 X ^5-7.5^2,100 lbs. 
60 

In order now to determine the max- 
imum shear at every point, lay off (Fig. 3) 
the locomotive weights along the line 
A B, with the first driver over the point 
A. In this position it gives the maxi- 
mum shear at A It is of course sup- 
posed that the first driver rests on the 
point at an infinitely small distance to 
the right of A Beginning at the point 
B draw a vertical line and lay upward all 
the weights in succession, beginning at 
the first driver. Take the point A as the 
pole, and draw as before the radial lines 
from A, and complete the equilibrium 
curve A H. The process is exactly the 
same as in the case of Figs. 1 and 2. 
The line A E coincides with A 6, E F 
parallel to A/, F G to A^, and lastly 
O'H parallel to A O. The distance BH 
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which, according to the scale, is equal to 
the force of 53,600 lbs., is the amount of 
shear at A, and to obtain maximum shear 
for every other point between C and A 
-we have but to measure in like manner 
the ordinate to the equilibrium polygon 

A E P G H from the line A B.* At 

the point B shear is zero, as the locomo- 
tive is outside of the girder. For the 
total shear at any point we measure 
along the vertical line at that point 
between the equilibrium polygon and 
the line C D. Thus we obtain the maxi- 
mum shears at several sections into 
which we have previously divided the 
girder, the following amounts : 

Dead load shears. Live load shears. Total. 



At end 12,300 


53,600 


65,900 


a 9,800 


45,200 


55,000 


b 7,400 


37,300 


44,700 


c 4,900 


30,000 


34,900 


d 2,500 


23,600 


24,000 


e 


17,800 


17,800 


According to what we have 


said in 



^For proof see DuBois' Oraph. Statios, chap. yii. 
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Chapter I, we have but to divide the 
shear eq. (9) at the end where it is maxi- 
mum, by the allowable stress per square 
inch for shear to obtain the necessary 
web section. Experiments have shown 
that the shearing strength of wrought 
iron across the fiber is equal to about ^ 
the tensile strength. The shearing 
strength along the fiber varies sometimes 
considerably, being, however, between ^ 
to 1^ times that across the fiber, accord- 
ing to the kind of iron and mode of treat- 
ment in rolling mills. Consequently, 
where a piece of iron is subjected to shears 
in both directions, a somewhat smaller 
allowable stress should be given than 
merely across the fibers, say § the allowed 
tensile stress. The ratio of minimum to 
maximum shear at the end of the girder is 
about I, and same as in the case of flange 
stress ; consequently we obtain at once 
the allowable shearing stress : 
9,600X1=6,400 lbs. 
Web. 
The equation of vertical shearing force 
has already been given by eq. (3) viz.: 
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X 

o 

For a ^yen position of load, and 
hence for a given value of R, therefore, 

X 

Sa, will be maximum when ^w=o. 

o 

For the dead load of girder we have 
Sa.=R — w'x 

in which w' represents the load per unit 
of length. At the end of the girder 
where x=o 
S,=R=490 lbs.x50'Xi=12,300 lbs. 

At the middle of the girder where w' x 
=R the shearing force is zero. In Fig. 
8, Plate I, A B represents the length of 
the girder, and C its middle point. If 
we now draw B D according to the scale 
of force, equal to 12,300 lbs., and con- 
nect C D, the amount of shearing action 
at every point between the end and the 
middle point of the girder will be equal 
to the ordinate from the line C B to this 
inclined line. 
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The maximum shearing action to the 
moving load can of course be determined 
by the use of equation (3) which is 
entirely general, but it requires too much 
work when the number of points for 
which the amount is required to be 
determined is large; and in such cases 
graphical method is far preferable. Add- 
ing 15 % for impact to the end shear, 
we obtain 

65,900x15 ^=76,800 lbs. 

The section required is therefore equal 
to: 

1^4^=11.9 square inches. 
6,400 ^ 

The depth of the web is 4'— 6." Sup- 
posing the number of rivet holes in a 
vertical row to be 14, and taking the 
thickness of the web at the least allow- 
able dimension of f ^ we have the net 
section : 

(54"— 14")Xf' =15 square inches, 
which is about 3 square inches still on 
the side of safety. 
Having thus found out that our web 
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of f inch is strong enough so far as 
shearing stress is concerned, it now re- 
mains to be seen whether it can resist 
the stress as a column (Chapter I, p. 25). 
Taking the vertical distance between 
two rows of rivets at 4' — 2"=50" we 
have 

b r 

From the table on page 25 we see that 
the allowable stress per square is about 
620 lbs., which is even less than the 
least shearing stress which we have at 
the middle of the web, and is equal to 

"!l!?2?=l,190 lbs. per square inch. Con- 
15 

sequently the web must be stiffened 
throvghout. 

We have spaced stiffeners, as shown 
in Plate II. The spacing is, to a cer- 
tain extent, governed by the positions of 
lateral and cross bracing connections ; for 
at every point where we have cross- 
bracing we must have stiffeners to form 
connection, and also to give the stiffness 
at the section. Toward the end of the 
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girder, stifEeners are spaced much closer 
than toward the middle, for the evident 
reason of greatly increased shear, and 
hence of compression at the end. 

Fig. 14 




Stiffeners must always be tightly fitted 
between the flange angles. In order to 
bring stiffeners in contact with web and 
vertical leg of angles, they are either 
bent, as shown in Fig. 14, or fillers may 
be used, as in Fig. 16. The first method 
requires less material than the second, 
but requires the work of bending the 
angles, for which particular dies must be 
had to give the required amount of 
bending, as will be economical when there 
are a large number of stiffeners to be bent 
in the same way. The second method is 
therefore more preferable for cases 
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Inhere girders to be made are but few in 
number. 

Fig. 15 




FUlers 

Lateral Forges. 
In case the track on the girder is 
curved, the centrifugal force of loco- 
motive must be taken into consideration. 
If A and B represent two flanges of the 
girder (in case of deck girder, top flanges^ 
and in case of through girders, bottom 
ones,) and c c the center lines of the 
track, then the centrifugal force acts 
radial to the curve, as indicated by the 
arrows, and its amount is expressed by 
the well-known formula : 

Center force= ^^^' , 
in which w is the moving load on the 
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girder, v its velocity in feet per second, 
and r the radius of curvature of the track 
in feet. We have thus to consider the 
girder flanges top or bottom, according 
as the girder is deck or through, as form- 
ing a truss lying on its side. The flang^e 
section should be increased according 
to the stress obtained as the chord of 
this lateral truss. The lateral bracing 
should also be proportioned to resist the 
maximum stress due to this force, in 
addition to the wind stress to be presently 
considered. 

Fig- 16 



C. ^ 




Wind pressure on a railway bridge is 
usually taken at 50 lbs. per square foot 
when the bridge is unloaded, and 30 lbs. 
when loaded. It is calculated that, at 
the latter pressure, all empty cars will be 
blown away. 

In plate girders of ordinary spans (say 
up to 65 ft.) only one system of lateral 



d by Google 



67 

bracing is sufficient for deck spans with 
the system on the top, together with 
cross bracings, and for through spans on 
the bottom. 

In deck span it is hardly necessary to 
consider the stress in the flanges due to 
the wind pressure, as the latter on the 
girder itself is for ordinary spans quite a 
small amount, and when the girder is 
loaded the stress due to the overturning 
moment of the wind pressure on the 
train will in the top flange be almost 
neutralized by the stress coming from 
the lateral system, and in the bottom 
flange, where the stress is due to this 
moment alone, can entirely be neglected, 
as being a very small amount. This is 
in many cases only true under the sup- 
position that the total wind pressure is 
carried by the top lateral system to the 
abutment, and that the intermediate 
cross bracing merely serves to keep the 
two girders parallel to each other, and 
also to carry some wind pressure on the 
lower half of the girder up to the lateral 
system; and consequently the increase 
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of vertical loading on the leeward aide 
girder is only due to the overturning 
moment above the rails. 

But in throvgh span, the stress on the 
lower flange, due to the wind pressure, 
has sometimes to be calculated, to see if 
the total stress per square inch, due to 
the rolling load and wind pressure, does 
not exceed the maximum allowable stress 

(i. 6., the value of a when^^^' =1 in the 
max. 

Laundhardt's formula. (See p. 49.) The 
flange stress due to the wind in this case 
can be easily calculated. 

Fig. 17 



lMi\. 
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The stress on the flange due to the 
overturning (Fig. 17.) moment of the 
wind pressure on the train is equal to 



in which h is the effective depth of the 
girder. The stress coming from the 
lateral system is equal to 

\ (30xl0xO + (30xAXO2 1^XiX/H-5, 

and the total stress is equad to 

r (2,700 + 300 A + 60 h') 
Shb 

Now, as to the stress in the lateral 
bracing itself (Fig. 18), we have a travel- 
ing load due to the wind pressure on the 
train surface, and a dead load due to 
the pressure on the girder surface 
itself. We will, however, take both as 
a traveling load, as the pressure on the 
girder itself is after all quite a small 
amount. 
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The total wind pressure on the system 
of the 50 foot girder, when the train 
covers the entire span, consists of : 

On train surface 10 x fiO X 30=15,000 lbs. 
On girder* " 2 x 5 X 50 x 30 = 15,000 " 

Total, =30,000 lbs. 
which gives for each point a load of 
30,000_3QQQ jj^g Consequently, we 

obtain the following stresses, under the 
supposition that the girder is iD each 
case covered with the load from one end 
up to the diagonal, in which we then 
determine the stress. It is not, however, 
necessary to calculate stresses in more 
than one or two diagonals near the end 
of the girder, as stresses in the rest are 
inconsiderable.! 

Stress in a ^»=3,000 (8 + 7 + 6 + 5 + 4 + 
3^.2+l) ^V sec. 39«—50i=± 14,000. 

♦Here we have taken twice the surface of one 
girder, where but 1^ times is sufficient, as the leeward 
girder is more or less protected by the windward one. 

t After a little practice in designing girders, one 
finds it hardly necessary to make any calculation for 
these braces for ordinary spans. 
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Stress in a o=3,000 (9 + 8 + 7 + 
) iS sec. 39^-50^= ±17,600. 

Stress in a'o=3,000 (XlOx^) ±15,000 

The sign 4. indicates that each stress 
will be tension or compression, according 
as the wind is blowing from one side or 
from the other. Taking the two facts 
into consideration, that while the stress 
is alternating in each brace, and con- 
sequently requiring a low allowable 
stress, it is veiy seldom that such a wind 
as we have made calculation for blows, 
and still more seldom to be blowing at 
the very time when the train is passing 
over the bridge, we will take the allow- 
able stress at 8,000 lbs. per square inch, 
and reduce it by the ordinary formula of 
columns. 

If we use 3" X 3" angles for the brace, 
we have in the following formula for least 
radius of gyration (r*), about .8 inch, the 
length of the brace if) being about 7 feet. 

8,0 00 8,000 

l.(12y =1 . (84r = 6,500 

40,000 (r)" 40,000 X. 8 

lbs. per square inch. 
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This gives the following sections : 

For a o ^4^=2.7 - 
6,500 

6,500 

6,600 
The lateral braces are, however, con- 
stantly subjected to stresses due to the 
vibration which the sUght lateral motion 
of the passing train sets in the girder, 
and for which we have no means of cor- 
rect determination. To provide for this 
we add 40 ^ to those sections we have 
just obtained, making : 

Forao2.7'^' + 40%=3.8°"=3"x3"xrL 
" 6a2.1'>"-|-40%=2 9 "=3 x3 x\ L 
" a'o2.3 +40%=3.2^"=3 x3 x# L 
" b c—cd^-mdide 3x3 xf L 

The end cross bracing should be made 
strong enough to carry the entire wind 
pressure down to the abutment, where 
it is resisted by friction and anchoring. 
The amount of stress on the cross brace 
is evidently 11,300, multiplied by the 
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secant of the angle of inclination of the 
brace. 

The connection of diagonals to the 
girder is effected by plates. The number 
of rivets connecting the plate with the 
angle should be so many as their total 
shearing strength shall be equal to, or 
greater than the full strength of the 
angle taken as a column. 

Although it is not necessary in or- 
dinary spans, yet it is well to keep in 
view to let the diagonals intersect as near 
the center ILue of the flange as can con- 
veniently be done. 

The intermediate cross bracing are put 
in merely to give stiffness to the entire 
girder, and to help to carry the wind 
pressure to the lateral bracing above, and 
may be 3"X3"X |" L in our case. 

RIVETS AND RIVET SPACING. 

As already said, the shearing strength 
of iron is equal to about ^ of its tensile 
strength. In order to cover all the 
changing values of unit stress, and thus 
to avoid tedious work of calculation, we 
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will take the unit stress for shear — 
what we may assume to be the lowest for 
ordinary rivet iron. Taking, then, the 
unit tensile stress at 9,000 lbs. (for c in 
formula 14), we obtain the allowable 
shearing stress of 

9,000X^=7,200 lbs. 
We will assume that the shearing 
stress is uniformly distributed over the 
cross-section of the rivet. The strength 
of a rivet J inch in diameter for single 
shear will then be 



(|yxix3.1416x 7,200= 
And for double shear= 



=4,300 lbs. 
=8,600 lbs. 
For a riveted joint as shown in sec- 
tion by Fig. (19) the amount of stress 



Fig. 19 



^ 



<b 
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on the rivet while on the one hand 
must not exceed the doable-shear 
strength, on the other hand miist not 
be so great as to crush the rivet hole 
or the rivet itself. The latter is the 
first to fail. It is a well-established fact 
that the allowable compressive stress per 
square inch on the projected area 
(diameter of hole X thickness of the 
plate) of the rivet hole can be as much as 
and even more* than twice the shearing 
stress allowed, or 7,200x2=14,400 lbs. 

If ft=|" we have for J" diameter rivets 
the bearing value of 

JXfXl4,400=4,7001bs. 

Since we have no plate or angle in the 
girder whose thickness is less than f inch, 
and as the single- shear value of the rivet 
is less than its bearing value on f " plate, 
we need not take bearing value into con-» 
sideration, except when the rivets are 
double-shear. 

Mivet holes are made either by drilling 
or punching. The former does not 

*Garber has shown by experiment that this unit 
stress may be twice the unit tensile stress, or, in this 
case, equal to 9,0(X;x 2= 18,000 lbs. 
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weaken the plate as much as the latter 
does, but drilled holes produce a cutting 
action on rivets unless they are reamed. 
It is, however, useless to enter here into 
any discussion on the relative merits of 
these two processes, as, in the present 
state of bridge building in America, viz., 
of competition in designs and prices, no 
bridge builder will go into the extra 
work of drilling and reaming rivet holes, 
when in a few minutes a longest plate 
or angle that comes out of a rolling mill 
can be punched from one end to the 
other, with all the accuracy and correct- 
ness of templet works. The diameter of 
rivet holes should not be more than ^ 
inch greater than that of the rivet. 
Every rivet should fill up the hole, and 
in case any signs of looseness are de- 
tected, should be cut and riveted anew. 
Jtivet Spacing, — In order that a piece 
be punched with a machine it is evident 
that rivet holes should be spaced in 
straight lines, in directions both of width 
and length. With most machines it is 
necessary that no rivet spacing in a row 
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should contain fraction less than ^ 
inch. 

Mivets in a row are spaced rarely 
closer than three times the diameter of 
rivets. Thus with ^" rivets, we take 2f " 
as the minimum distance allowable 
between the centers of rivets in a row. 

The maximum distance allowable 
between the rivets is determined from 
the consideration that, in the part of the 
girder subjected to compression, the 
thinnest plate composing that part shall 
be able to sustain the maximum stress, 
acting on its section without buckling 
between the rivets, by which they are 
held fast to other plates and angles. 
Generally, if spacing does not exceed 
twelve times the thickness of the thinjiest 
plate on the flange, we are on the safe 
side. Thus, in our girder the least thick- 
^ess of the plate being §", we have for 
the maximum distance, center to center 
of rivets, 12xt=4i inches. 

Mivets connectinff Web and Flanges. 
The stresp which the rivets connecting 
the web and flanges sustain is evidently 
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due to the stress which is transmitted 
from one to the other. We have here two 
\»tresses to consider, and for whose result- 
ant we proportion the number of rivets. 
The one is vertical, being due directly to 
the load resting on the flange of the gir- 
der, and whence, through the rivets, trans- 
mitted to the web. It is difficult to find 
out what really 'will the amount of this 
stress be, as it depends upon the stiff- 
ness of the material intervening the load 

Fig. 20 




o r o o o o o r n TOO 

and rivets. We will not be very far 
from the maximum effect if we take the 
weight of one driver, as distributed over 
the space covered by two cross-ties, 
making the vertical stress to be resisted 

by the rivet 1M^^= 500 lbs. per inch 

^4 
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run of the girder. The weight of the 
track is inconsiderable. 

The other stress is horizontal, and was 
already found in the first chapter of the 
book given by the eq. (10), viz.: 

K 

This stress .*, as already explained, is 
nothing but the maximum movement of 
flange stress at every section of the 
girder. On page 59 we have given the 
maximum values of /S^ at the end, and 
sections a, ft, c, c?, e of the girder, from 
which we can now obtain the values of a 
at these points. 

At end 5=^|!j^=i,2oo ifts. perM mil. 

4.oXi^ 
b <t~ 4:4,700 __ gji^Q tt ^^ tj << 



4.5x12 
,_ 34,900 __ 



4.5x12 
_ 24,00 . 
"4.5x12" 



640 



cl ^^=^^0^.= 440 
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e «=i:j!^= 320 IDS. per iBCIi run. 

4.5 X lifi 
The resultant of s thus obtained with 
the vertical stress of 500 lbs. is therefore 
the stress on the rivets, and we have: 



1200 




At end Vi;200'T5()6'=l,300 IftS. W M\ M 
« a/IVOOONTsOO^ =1,120 " 
^ V 810^ + 500"'= 950 '' 
V '640^"+500^= 
d a/~440'T500'= 



810 " " 
670 " " 

600 '* " 



e a/ 320' + 500^= 

The shear of rivet is double, con- 
sequently we take its bearing value, viz.: 
4,700 lbs. 

At the end where we have the stress of 
1,300 lbs. per inch run, we must there- 
fore space rivets, 



-1_ =3 J inches apart. 
1,300 ^ ^ 
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At a 2 =4 inches apart 

1,120 ^ 

At b i!!2?=5 " " 

950 

It is not necessary to calculate any 
further, as this last spacing already 
exceeds the distance which we have 
already taken as the maximum. It is 
true that the spacing, 4^ inches, which we 
have taken as the maximum allowable, 
is for the flange; yet, in order that 
rivets in the two legs of the angle should 
stagger each other, both legs must have 
the same spacing. This staggering of 
rivets, so long as there is room enough 
for the riveter, after one rivet is in place, 
to rivet the other, is not necessary in 
compression flange. But, as already said, 
in order that the rivet holes may lie in 
straight lines, vertical and horizontal, the 
top and bottom rows should be spaced 
alike. In the bottom flange angles the 
rivets must stagger completely, since we 
have deducted only one rivet hole out of 
each angle in calculating the net sectional 
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area. In fact, the spacing in top and 
bottom Hanges are made alike. 

Hivets in Flanges, — Having deter- 
mined the spacing of rivets connecting 
the web with flanges, it remains for rivets 
in the latter alone merely to be so spaced 
as to stagger with them. The distance 
between the rows of rivets on the flange 
plate should not exceed 30 times the 
thickness of the thinnest plate ; making 
in one girder the maximum allowable 
distance 30xf =11 inches. For flange 
plates more than 12 inches wide it is the 
usual practice to put in 4 rows of rivets. 
Except at the ends of the girder, no 
rivets in the bottom flanges should be 
countersunk, unless special allowance is 
made for the amount of section taken 
away by the reaming of holes, and where 
the leg of the stiffener angle fouls the 
rivet head, the former may be cut off 
enough to clear the latter. 

As already said, every flange plate, ex- 
cept of course the one that covers the 
full length of the girder, should be ex- 
tended beyond the point at which it be- 
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gins to form the necessary section of the 
flange, far enough to take in so many 
rivets whose total shearing strength 
equals the strength of the plate itself. 
Thus the uppermost plate /(Pl. II), 12" 
Xf", which, according to our calculation, 
begins to form the necessary part of the 
flange area at about the point t is extend- 
ed to take in (12x^X8,400) -^4, 400 =8 
rivets to the point ii. In the same way, 
in the bottom flange, the plate/ ', which 
is required to form the section at about 
the point t\ is extended beyond that, to 
take in (lOxf x9,600)-4,400=8 rivets. 

The rest of the plates are proportioned 
in the same way. 

SPLICING. 

Particular attention should be given to 
splices in plate girders. Both flanges 
should be fully spliced, and no contact 
joint should be depended upon, although 
in all possible cases as good a contact 
should be given to pieces cut in the top 
flanges. 

Girders not much longer than 50 feet 
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can usually be shipped in single pieces, 
so that the work of erection consists 
merely in putting them in place, and 
riveting lateral connections. 

Girders whose lengths are less than 30 
feet hardly require any splicing, as all 
the pieces can be obtained in full length. 

In our girders, all the full-length pieces 
are to be spliced. Plates gxg' (PI. H), 
are splices for the long flange plates 
which are joined in the middle. These 
splices must, of course, be long enough to 
take in on each side of the joint as many 
rivets or more as their total shearing 
strength be equal to the strength of the 
plate. The stress is supposed to be 
transmitted in a manner something like 
as shown by dotted lines in the figure. 

Angles are spliced between c and d. 



L 



Fig. 21 




o^o^Q^Q^Q^o^ o^ 



<Ly <j^ \iy Kj^ Kj^ KJ^ — C7 
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The splices may consist of two bars 
riveted on both legs of the angle, or, 
better, of cover angles, as we have done. 
Cover angles are always given such a 
shape as to fit closely into the inside of 
ordinary angles. Since the flange angles 
are 3^ X 5'' X ^Z' each having the sectional 
area of 4.0^," we take for splice the cover 
angle 3'x4"Xf". 

The web is spliced in the middle and at 
h. The maximum shear at ^, with proper 
allowance for impact, is already found 
equal to 51,400 lbs. The number of rivets 

required is, therefore, equal to — I = 11> 

against which we find we have a few more 
than is necessary. The splice plates in 
the middle are made to fit tight between 
flanges, to serve as stiffeners there. 

THROUGH GIRDERS. 

Nearly all that has been said thus far 
about the deck girders applies equally 
well to through ones. Since it is not 
possible in a through girder to have top 
lateral bracing, particular attention 
should be paid to give lateral stiffness to 
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the top flanges. This is done by connect- 
ing the top flanges with floor beams by 
stiff plates, as shown in Fig. 4, PI. I. In 
case floor beams are so spaced that the 
ratio of the width of the top flange plate 
to the distance between them exceeds 12, 
the allowable unit stress in the flange 
should, as already explained on page 49, 
be reduced by the given formula. 

Since the load now travels between 
the girders, and is transmitted to the web 
through floor beams, the rivets connect- 
ing the flanges with the web need be pro- 
portioned only for the horizontal stress. 

Through girders are sometimes con- 
structed without floor beams or string- 
ers, the cross-tie resting directly on the 
angles and riveted to the web, as shown 
in Fig. (22). 

Fig. 22 
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BED PLATES. 

Bed plates should be so proportioned 
that the maximum pressure on the 
masonry shall not exceed a certain 
amount, depending upon the kind of 
masonry. Pressure of 250-300 lbs. per 
square inch ciEin be allowed usually on 
good coping. 

Bed plates should be made so thick 
that the pressure will be uniformly dis- 
tributed under its entire area. 

The maximum end reaction, with 
proper allowance for impact, we have 
already found (p. 62) to be 75,800 lbs. 
Taking the allowable pressure on the 
masonry to be 300 lbs., we have for the 

required area of our bed plate — I = 

^ ^ 300 

253 square inches. Hence we have a bed 
plate 16"xl6"=256 square inches. 

In girders longer than about 70 feet, it 
is necessary to provide one end with 
a nest of rollers. But in smaller spans a 
mere sliding arrangement is sufficient. 
This is done by slotting anchor- 
bolt holes in the girder flange, enough to 
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accommodate the forward and backward 
motion of that end of the girder, due to 
the extreme changes of temperature, 
which may be usually taken at 150°. The 
co-efiGicient of expansion of iron is about 
.000007 for 1° Fahrenheit. Consequently, 
for 50 feet girders we slot the bolt hole 
60'X.000007 X 150° X 12"=f ". The diam- 
eter of the bolt being 1", the dimensions 
of the hole become 1|" X 1". 

OTHER FOBCES THAN THOSE ALREADY 
CONSIDERED. 

In the chapter on Flange Stress we 
have mentioned the fact of the existence 
of certain forces for the stresses caused, 
by which, however, we have no exact way 
of determination. To these may be 
added those due to the changes of tem- 
perature, to the longitudinal thrust of 
the moving load, to vibration, and to 
the application of brakes on wheels over 
the girder. The amount of some of these 
forces can be easily determined, and their 
effects calculated. Thus the stress due 
to the changes of temperature is simply 
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the amount of friction at the sliding end 
of the girder, and is either tension or 
compression, according as the girder is 
contracting or expanding. The amount 
of force due to the application of brakes 
on wheels is simply that of friction exist- 
ing between the rail and those wheels. 

But it is doubtful that even but once 
in the life of a bridge the combined 
action of all these forces will take place. 
Even if it did, we are quite certain that the 
large factor of safety we have assumed at 
the beginning will cover every possible 
condition of loading. 

WEIGHT. 

The actual weight of the girder can 
now be determined. It is to be re- 
membered that a bar of iron of 1 sqiiare 
inch crosS'Section, and 1 yard long, 
weighs very nearly 10 lbs. Steel weighs 
about 2 per cent, more than iron. The 
total weight of rivets in a girder is about 
6 per cent, of the total weight of the 
girder, but in determining the actual 
or shipping weight of a girder, only their 
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heads are to be taken, as their bodies 

merely fill up thin holes. A pair of 

heads of rivets, as usually made, weighs : 

For y diam. rivets, about 0.5 lbs. 

U 3" (( (( U Q ,^ (( 

« 5" (( U U Q g .( 

Weight of 50 feet span girder : 

Weiarht 
Lbs. 

4 Well p^aiJes5rxrx25'— 7r ..6,912 

8 Flange " 12" x i" x 25'— 7r . . 4,102 

2 " *' 12"xf'x34-l " ..1,022 
2 " " VI y3:J^x35'— 5 " .. 1,239 
2 " " 12 x| X25'— 3 " .. 758 
2 " '* 12 xf X24'— 5 " .. 732 
4 " splice 12 xi X 4'— 7 " .. 367 
4 Web " 8 xf X 4-6 " .. 180 

4EDflcoyerDlatei2 x| x 4'— 7r ... 276 
5 Connection " lo xf x i— 6 " .. 94 

4 " " 12"xrx 2'— 1 " .. 125 

2 " " 12"xrx 1'— 6 " .. 45 

16 " " 10 x| X r— " .. 200 

4 " " 12 xf X 1'— " .. 60 

4 Bed " 16 xf X 1-4 " .. 213 

8 Bars " 2 Xi X l'-4 " . . 36 
8 Flange angles ^" x 5" x i"(401bs p. y.) 
Xl8'—0" weigh, 1,920 lbs. 



d by Google 



92 

8 Flange angles 3Jx5xJt (40 lbs. p. y.) 

X33'-«3J weigh, 3,549 lbs. 
24 Stiffener aiigles 3x4xi (32 lbs. p. y.) 

X4'— 6" weigh, 1,152 lbs. 
32 Stiflfener angles 3x4xf (24 lbs. p. y.) 

X4'x6" weigh, 1,152 lbs. 
6 Lateral brace aiigles 3x3xt (21 lbs. 

p. y.)x6'— 8" weigh, 280 lbs. 
2 Lateral brace a??^/65 3x3Xi (28 lbs. 

p. y.)x6'--8" weigh, 123 lbs. 
2 Lateral brace angles 3 X 3 X f (38 lbs 

p. y.)X7— 5" weigh, 195 lbs. 
8 Cross brace angles 3x3xf (21 lbs.. 

P- y.)X7'— 2" weigh, 403 lbs. 
8 Cross brace angles 3x3x|(21 lbs. 

p. y.)x5'— 0" weigh, 280 lbs. 
4 End cross brace angles 3x3xf (38 

lbs. p. y.)x6'— 10" weigh, 348 lbs. 
4 End cross brace angles 3x3x^(38 

lbs. p. y.)x5'— 0" weigh, 253 lbs. 
4 Cover angles 3 X 4 X f X 4' — 0" weigh, 

215 lbs. 
2,530 pairs of rivet heads weigh, 1,265 lbs. 
4 anchor bolts 1" diam. 9" long, 

nuts, etc., weigh, 10 lbs. 

Making the total weight=21y50^ " 
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ESTIMATE OF COST. 

The coi=jt of a girder depends upon the 
market price of the material of which it 
is made, the distance of transportation, 
and the nature of the site of the cross- 
ing. Under ordinary circumstances, with 
the following prices of material, our 60 
foot girder, free on board the car at the 
place of fabrication, will cost about as 
estimated below : 

6,912 lbs. Web iron @3 cts. =$207.36 
9,449 " Plate " @ 2.5 *• = 236.23 
9,870 " Angle " @ 2.5 " = 246.75 
1,800 . " Eivets @ 3.75 " = 70.50 

Total wt. Cosl of Falirlcailon @ 0.75 ^ = 206.28 

" Erection @ 0.5 '• = 137.52 

Painting = 12.00 

Total, $1,116.64 

GENERAL REMARKS. 

Girders much larger than 50 feet have 
usually to be shipped in more than one 
piece. Since the riveting done in the 
field is more or less imperfect, as com- 
pared with that done in the shop, some 
allowance should be made in the number 
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of those rivets in the design. The use 
of bolts instead of field rivets should bo 
avoided, unless they are turned and 
made conical, and holes drilled to fit 
them, thus insuring perfect contact. 

In our 50 foot girder we have riveted 
connection plates to the girder, but when 
the distance of transportation is very 
great, and reloading necessary, they may 
become bent or broken ; consequently, 
under such circumstances, they should be 
shipped separately. 
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ADAMS (J. W.) Sewers and Drains for Populous Districts. 
Embracing Rules and Formulas lor the dimensions and 
construction ol works of Sanitary Engineers. Second edi- 
tion. 8vo, cloth $3 90 

ALEXANDER (J. H.) Universal Dictionary of Weights and 
Measures, Ancient and Modem, reduced to the standards 
of the United States of America. New edition, enlarged. 
Svo.cloth; 350 

ATWOOD (GEO.) Practical Blow-Pipe Assaying. i2mo, cloth, 

illustrated 2 00 

AUCHINCLOSS (W. S.) Link and Valve Motions Simplified. 
Illustrated with 37 wood-cuts and 21 lithographic plates, 
together with a Travel Scale and numerous useful tables. 
8vo, cloth 300 

AXON (W. E. A.) The Mechanic's Friend : a Collection of Re- 
ceipts and Practical Suggestions Relating to Aquaria— 
Bronzing— Cements— Drawing— Dyes— Electricity— Gilding 
— Glass-working — Glues — Horology — Lacquers —Locomo- 
tives— Magnetism— Metal-working Modelling — Photogra- 
phy— Pyrotechny— Railways— Solders— Steam-Engine— Tel- 
egraphy— Taxidermy— Varnishes-Waterproofing, and Mis- 
cellaneous Tools, Instruments, Machines, and Processes 
connected with tne Chemical and Mechanic Arts. With nu- 
merous diagrams and wood-cuts. Fancy cloth ... . . i 50 

BACON (F. W.) A Treatise on the Richards Steam-Enkiic 
Indicator, with directions for its use. Hy Charles T. Por- 
ter. Revised, with notes and large additions as developed 
by American practice; with an appendix containing useful 
formulae and rules for engineers. Illustrated. Third edi- 
tion. i2mo, cloth — X 00 
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BARBA (J.) The Use of Steel for Constructive Purposes : 
Method of Working, Applying, and Testing Plates ana 
Brass. With a Preface by A. U. HoUey, C.E. i2mo, clotluti 59 

BARNES (Lt. Com. J. S., U. S. N.) Submarine Warfare, ofien- 
sive and defensive, including a discussion of the offensive 
Torpedo System, its effects upon Iron-Clad Ship Systems 
and influence upon future naval wars. With twenty Utlio- 
graphic plates and many wood-cuts. 8vo, cloth 5 00 

BEILSTEIN (F.) An Introduction to Qualitative Chemical 

Analysis, translated by I. J. Osbun. umo, cloth 75 

BENET (Gen. S. V., U. S. A.J Electro-Ballistic Machines, and 
the Schultz Chronoscope. Illustrated. Second edition, 4to^ 
cloth 300 

BLAKE (W. P.) Report upon the Precious Metals t Being Sta- 
tistical Notices of the principal Gold and Silver pmducinf 
regions of the World, represented at the Paris Universal 
Exposition. 8vo, cloth 200 

Ceramic Art. A Report on Pottery, Porcelain, Tiles^ 

Terra Cotta, and Brick. 8vo, cloth a 00 

BOW (R. H.) A Treatise on Bracing, with its application to 
Bridges and other Structures of Wood or Iron. 156 illustra* 
tions. Svo, cloth 19) 

BOWSER (Prof. E. A.) An Elementary Treatise on Analytic 
Geometry, embracing Plane Geometry, and an Introauo 
tion to Geometry of three Dimensions. i2mo, cloth x 7$ 

■ An Elementary Treatise. on the Differential and Integral 

Calculus. With numerous examples, umo, cloth a 35 

BURGH (N, P.) Modern Marine Enjgineering. applied to Pad- 
dle and Screw Propulsion. Consisting of 30 colored plates, 
259 practical wood-cut illustrations, and 493 pages of de- 
scriptive matter, the whole being an exposition of the pre- 
sent practice of Tames Watt & Co., J. & G. Rennie, R. Na- 
pier & Sons, and other celebrated nrms. Thick 4to vol.« 

cloth 1000 

Half morocco 15 00 

BUR r (W. A.) Key to the Solar Compass, and Surveyor's Com- 
uanion : comprising all the rules necessary for use in the 
neld: also description of the Linear Surveys and Public 
Land ^^'stem of the United States, Notes on the Barome- 
ter, .wgestions for an outfit for a survey of four months, 
etc. second edition. Pocket-book form, tuck 2 59 

BUTLER (Capt. J. S., U. S. A.) Projectiles and Rifled Cannon. 
A Critical Discussion of the Principal Systems of Rifling 
and Projectiles, with Practical Suirgestions for their Im- 
provement, as embraced in a Report to the Chief of Ord* 
nance, U. S. A. 36plates. 4to,cloth 600 
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CAIN (Prof. WM .) A Practical Treatise on Voussoir and SoUd 

and graced Arches. i6mo, cloth extra $i 75 

CALDWELL (Proi. GEO. C.) and BRENEMAN (Prof. A. A.) 
Manaal of Introductory Chemical Practice, for the use of 
Students in Coilesres and Normal and High Schools. Third 
edition, revised and corrected. 8vo, cloth, illustrated. New 
and enlarged edition i 50 

CAMPIN (FRANCIS). On the Construction of Iron Roofs. 8vo, 

with plates, cloth a 00 



CHAUVENET (Prof. W.) New method of correcting Lunar 
Distances, and improved method of finding the error and 
rate of a chronometer, by equal altitudes. 8vo, cloth a 00 

CHURCH JOHN A.) Notes of a Metallurgical Journey in 
Europe. 8vo, cloth a 00 

CLARK (D. KINNEAR, C.E.) Fuel: Its Combustion and 
EconomjT, consisting of Abridgments of Treatise on the 
Combustion of Coal and the Prevention of Smoke, by C. 
W. Williams ; and the Economy of Fuel, by T. S Pri- 
deaux. With extensive additions on recent practice in the 
Combustion and Economy of Fuel: Coal, Coke, Wood, 
Feat, Petroleum, etc. i2mo, cloth X 50 

^— — A Manual of Rules, Tables, and Data for Mechanical 
Enfnneers. Based on the most recent investigations. Illus- 
trated with numerous diagrams. 1,01a pages. 8vo^ cloth... 7 50 
Halfmorocco 1000 

CLARK (Lt. LEWIS, U. S. N ) Theoretical Navigation and 
Nautical Astronomy. Illustrated with 41 wood-cuts. 8vo, 
cloth ISO 

CLARKE (T. C.) Description of the Iron Railway Bridge over 
the Mississippi River at Quincy, Illinois. Illustrated with 
31 lithographed plans. 4to, cloth 7 50 

CLEVENGER (S. R.) A Treatise on the Method of Govern- 
ment Surveying, as prescribed by the U. S. Congress and 
Commissioner of the General Land Office, with complete 
Mathematical, Astronomical, and Practical Instructions for 
the use of the United States Surveyors in the field. z6mo, 
morocco 2 50 

COFFIN (Prof J. H. C.) Navigation and Nautical Astrono- 
my. Prepared for the use of the U. S. Naval Academy. 
Sixth edition. 53 wood-cut illustrations. i2mo, cloth $ 50 

COLBURN (ZERAH) The Gas-Works of London. lamo^ 
boards 60 

COLLINS (J AS. E.) The Private Book of Usehil Alloys and 
Memoranda for Goldsmiths, Jewellers, etc. i8mo, cloth.. . 50 
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CORNWALL (Prof. H. B.) Manual of Blow Pipe Analysis. 
Qualitative and Quantitative, with a Complete System of 
Descriptive Mineralogy. 8vo, cloth, with many illustra- 
tions. N.Y., i88a $250 

CRAIG (B. F.) Weights and Measures. An account of the 
Decimal System, with Tables of Conversion for Commer- 
cial and Scientific Uses. Square 32me, limp cloth 90 

CRAIG (Prof. THOS.) Elements of the Mathematical Theory 
of Fluid Motion. i6mo, cloth 12$ 

DAVIS (C. B.) and RAE (F. B.} Hand-Book of Electrical Dia- 
grams and Connections. Illustrated with 3a full-page illus- 
trations. Second edition. Oblong 8vo, cloth extra 2 00 

DIED RICH aOHN). The Theory of Strains : a Compendium 
lor the Calculation and Construction of Bridges, Roofs, and 
Cranes Illustrated by numerous plates and diagrams. 
Bvo, cloth 5 00 

DIXON (D. B.) The Machinist's and Stcam-Enrineer's Prac- 
tical Calculator. A Compilation of useful Rules, and Prob- 
lems Arithmetically Solved, together with General Informa- 
tion applicable to Shop-Tools, Mill-Gearing, Pulleys and 
Shafts, Steam-Boilers and Engines. Embracing Valuable 
Tables, and Instruction in Screw-cutting, Valve and Link 
Motion, etc. i6mo, full morocco, pocket form . ..(In press) 

DODD (GEO.) Dictionary of Manufactures, Mining, Ma- 
chinery, and the Industrial Arts . i2mo, cloth i 50 

DOUGLASS (Prof 3. H.) and PRESCOTT (Prof A B.) Qual- 
itative Chemical Analysis. A Guide in the Practical Study 
of Chemistry, and in the Work of Analysis. Third edition. 
8vo, cloth 3 50 

DUBOIS (A. jr.) The New Method of Graphical Statics. With 
60 illustrations. 8vo, cloth i 90 

EASSTE (P. B.) Wood and its Uses. A Hand-Book for the use 
oi Contractors, Builders. Architects, En^neers, and Tim- 
ber Merchants. Upwards of 2SO illustrations. 8vo, c'oth 150 

EDDY (Prof. H. T.) Researches in Graphical Statics, embrac- 
ing New Constructions in Graphical Statics, a New General 
Method in Graphical Statics, and the Theory of Internal 
Stress in Grapiiical Statics. 8vo, cloth i 50 

ELIOT (Prof. C. W ) and STOKER (Prof. F. H.) A Compen- 
dious Manual of Qualitative Chemical Analysis. Revised 
with the co-operation of the authors. By Prof. William R. 
Nichols. Illustrated. lamo, cloth i 50 

ELLIOT (Maj. GEO. H., U. S. EJ European Light-House 
Svstems . Bein^ a Report of a Tour of Inspection made in 
1873. 51 engravings and 21 wood-cuts. 8vu, cloth 5 00 
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ENGINEERING FACTS AND FIGURES. An Annual 
Register of Progress in Mechanical Engineering and Con- 
struaion for tne years 1863-61-65-66-67-68. Fully illus- 
trated. 6 vols. i8mo, cloth (each volume sold separately), 
per vol $250 

FANNING (J. T.) A Practical Treatise of Water-Supply En- 

fineering. Relating to the Hydrology. HydroJynamics, and 
racticai Construction ol Water-'^ orks in North America. 
Third edition. With numerous tables and 180 illustra- 
tions. 65opages. 8vo,cloth 500 

FISKE (BRADLEY A., U. S. N.) Electricity in Theory and 

Practice. 8vo, cloth »»•..,> 2 ffl 

FOSTER (Gen, J. G., U. S. A.) Submarine Blasting in Boston 
Harbor, Massachusetts. Removal ot Towner and Cbrwin 
Rocks. Illustrated with seven plates. 4to, cloth — 3 50 

FOYE (Prof. T. C.) Chemical Problems. With brief State- 
ments of the Principles involved. Second edition, revised 
and enlarged. i6mo, boards 50 

FRANCIS (J AS. B., C E.) Lowell Hydraulic Experiments : 
Being a selection from Experiments on Hydraulic Motors, 
on the Flow of Water over Weirs, in Open Canals of Uni- 
form Rectangular Section, and through submerged Orifices 
and diverging Tubes. Made at Lowell, Massachusetts. 
Fourth edition, revised and enlarged, with many new ex- 
periments, and illustrated with twenty-three copperplate 
engravings. 4to, cloth 1500 

FREE-HAND DRAWING. A Guide to Ornamental Figure 
and Landscape Drawing. By an Art Studenv. iSmo, 
boards 50 

GILLMORE (Gen. Q. A.) Treatise on Limes, Hydraulic Ce- 
ments, and Mortars. Papers on Practical Engineering, U. 
S. Engineer Department, No. 9^ containing Reports o* 
numerous Experiments conducced m New York City during 
the years 1858 to i86z, inclusive. With numerous illustra^ 
tions. 8vo, cloth 400 

■ Practical Treatise on the Construction of Roads, Streets, 
and Pavements. With 70 illustrations. x2mo, cloth a 00 

Report on Strength of the Building Stones in the United 

States, etc. 8vo, illustrated, cloth i jo 

Coignet Beton and other Anificial Stone. -9 plates, views, 

etc. 8vo, cloth a 50 

GOODEVE (T. M.) A Text-Book on the Steam-Engine. 143 
illustrations. lamo, cloth a 00 

GORDON (J. E. H.) Four Lectures on Static Induction, xamo, 
ctoth 80 
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GRUNER (M. L.) The Manufacture of Steel. Translated 
from the French, by Lenox Smith, with an appendix on the 
Bessemer process m the United States, by the translator. 
Illustrated. 8vo, cloth fl3 50 

HALF-HOURS WITH MODERN SCIENTISTS. Lectures 
and Essays. By Professors Huxley, Barker, Stirling, Cope, 
Tyndall, Wallace, Roscoe, Hu^gins, Lockyer, Young, 
Mayer, and Reed. Being the University Series bound up. 
With a general incroduction by Noah Porter, President of 
Yale College, a vols i2mo, cloth, illustrated 3 50 

HAMILTON (W. G.) Lseful Information for Railway Men. 
Sixt h edition, revised and enlarged 56a pages, pocket form. 
Morocco,gilt a 00 

HARRISON (W. B.) The Mechanic's Tool Book, with Prac- 
tical Rules and Suggestions for Use of Machinists, Iron- 
Workers, and others. Illustrated with 44 engravings. 
Z2mo, cloth I 50 

HASKINS (C. H.) The Galvanometer and its Uses. A Man- 
ual for Electricians and Students. Second edition, tamo, 
morocco x 50 

HENRICI (OLAUS). Skeleton Structures, especially in their 
application to the Building of Steel and Iron Bridges. With 
foldmg plates and diagrams. 8vo, cloth x so 

HEWSON (WM.) Principles and Practice of Embanking 
Lands from River Floods, as applied to the Levees of the 
Mississippi. 8vo, cloth 3 00 

HOLLEY (ALEX. L.) A Treatiseon Ordnance and Armor, cm- 
bracing descriptions, discussions, and professional opinions 
concerning the materials, fabrication, requirements, capa- 
bilities:, and endurance of European and American Guns, 
for Naval, Sea-Coast, and Iron-Clad Warfare, and their 
Rifling, Projectiles, and Breech-Loading; allso, results of 
experiments against armor, from official records, with an 
appendix referring to Gun-Cotton, Hooped Guns, etc., etc. 
048 pages, 493 engravings, and 147 Tables of Results, etc. 
8vo, half roan 1000 

■ Railway Practice American and European Railway 
Practice in the economical Generation of Steam, including 
the Materials and Construction of Coal-burning Boilers, 
Combustion, the Variable Blast, Vaporization, Circulation, 
Superheating, Supplying and Heating Feed-water, etc., 
and the Adaptation of Wood and Coke^uming Engines to 
Coal-burning : and in Permanent Way, including Road-bed, 
Sleepers, Rails, Joint-fasteningg, Street Railways, etc. , etc. 
With 77 lithographed plates. Tolio, cloth 12 90 

HOWARD (C. R.) Earthwork Mensuration on the Basis of 
the Prismoidal Formulce. Containing simple and labor- 
saving method of obtaining Prismoidal Contents directly 
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from End Areas. Illustrated by Examples, and accom- 
panied by Plain Rules for Practical Uses. Illustrated. 8vo, 
cloth $X 50 

INDUCTION-COILS. How Made and How Used. 63 illus- 
trations. i6mo, boards 50 

ISHERWOOD (B. F.) Engineering Precedents for Steam Ma- 
chinery. Arranged in the most practical and useful manner 
for Engineers. With illustrations. Two volumes in one. 
8vo,clolh 250 

JANNETTAZ (EDWARD). A Guide to the Determination of 
Rocks: being an Introduction to Lithology. Translated 
from the French by G. W. Plympton, Professor of Physical 
Science at Brooklyn Polytechnic Institute, izmo, cloth — i so 

JEFFERS (Capt. W. N., U. S. N.) Nautical Surveying. Illus- 
trated with 9 copperplates and 31 wood-cut illustrations. 
8vo, cloth 500 

JONES (H. CHAPMAN). Text-Book of Experimental Or- 
ganic Chemistry for Students. i8mo, cloth x 00 

JOYNSON (F. H.) The Metals used in Construction: Iron, 

Steel, Bessemer Metal, etc., etc. Illustrated. i2mo, cloth. 75 

Designing and Construction of Machine Gearing. Illus- 
trated 8vo, cloth i 2 00 

KANSAS CITY BRIDGE (THE). With an account of the 
Regimen of the Missouri River, and a descnption of the 
methods used for Founding in that River. By O. Chanute, 
Chief-Engineer, and George Morrison, Assistant-Engineer. 
Illustrated with five lithographic views and twelve plates of 
plans. 4to, cloth 600 

KING (W. H.) Lessons and Practical Notes on Steam, the 
Steam-Engine, Propellers, etc., etc , for young Marine En- 
gineers, Students, and others. Revised by Cnief-Engineer 
J. W, King, U. S. NaxT. Nineteenth edition, enlarged. 
8vo, cloth a 00 

KIRKWOOD (JAS. P.) Report on the Filtration of River 
Waters for the supply of Cities, as practised in Europe, 
made to the Board of Water Commissioners of the City of 
St. Louis. Illustrated by i30 doubk-plate engravings. 410, 
cloth 1500 

LARRABEE (C. S.) Cipher and Secret Letter and Telegra- 
phic Code, with Hogg's Improvements. The most perfect 
secret code ever invented or discovered. Impossible to read 
without the key. i8mo, cloth x 00 

LOCK (a G.), WIGNER (G W.), and HARLAND (R. H,) 
Sugar Growing and Refining. Treatise on the Culture of 
Sugar-Yielding Plants, and the Manufacture and Refining of 
Cane, Beet, and other sugars. 8vo, cloth, illustrated 12 00 
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LOCKWOOD (THOS. D.) Electricity. Magnetism, and Elec- 
tro-Telegraphy. A Practical Guide lor Students, Operators, 
and Inspectors. 8vo, cloth - • «$3 ^ 

LORING (A. E.) A Hand-Book on the Electro-Magnetic Tele- 
graph. Paper boards 50 



Cloth 

Motocco 2 



75 



MacCORD (Prof. C. W ) A Practical Treatise on the Slide- 
Valve by Eccentrics, examining by methods the action of 
the Eccentric upon the Slide-Vahre, and explaining the prac- 



Valve by Eccentrics, examining by methods the action of 
the Eccentric upon the Slide-Vahre, and explaining the prac- 
tical processes of laving out the movements, aoaptiner the 



valve for its various duties in the steam-engine. Second edi- | 

tion Illustrated. 4to, cloth 2 SP 

McCULI-OCH (Prof. R S.) Elementary Treatise on the Me- 
chanical Theory of Heat, and its application to Air and , 
Steam Engines. 8vo, cloth 3 50 ' 

MERRILL (Col. WM. E , U. S. A.) Iron Truss Bridges for 
Railroads. The method of calculating strains in Trusses, 
with a careful comparison of the most prominent Trusses, in 
reference to economy in combination, etc., etc. Illustrated. 
4to, cloth 500 

MICHAELIS (Capt. O. E., U. S. A.) The Le Boulenge 
Chronograph, with three lithograph folding plates of illus- 
trations. 4to, cloth 3 00 



MICHIE (Prof. P. S.) Elements ot Wave Motion relating to 
Sound and Light. Text-Book forthe U.S. Military Acade- 
my. 8vo, cloth, illustrated — 500 



MINIFIE (WM.) Mechanical Drawing. A Text-Book of Geo- 
metrical Drawiner for the use of Mechanics and Schools, in 
which the Uefinitions and Rules of Geometry are familiarly 
explained ; the Practical Problems are arranged, from the 
most simple to the more complex, and in their description 
technicalities are avoided as much as possible. With illus- 
trations for Drawing Plans, Sections, and Elevations of 
Railways and Machmery: an Introduction to Isometrical 
Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated with over 300 diagrams engraved on steel. Ninth 
edition. With an Appendix on the Theory and Application 

of Colors. 8vo, cloth 4 00 

** It is the best work on Drawing that we have ever seen, and is 
especially a text-book of Geometrical Drawing for the use ot Me- 
chanics and Schools. No younc^ Mechanic, such as a Machinist, 
Engineer, Cabinet-maker^ Millwright, or Carpenter, should be with- 
out \\.V— Scientific Antertcan. 

■ Geometrical Drawing. AbriHeed from the octavo edi- 
tion, for the use of schools. Illustrated with forty-eight 
steel plates. Fifth edition. 1 3mo, cloth 2 00 
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MODERN METEOROLOGY. A Series of Six Lectures, de- 
livered under the auspices of the Meteorol<^cal Society 
inx87& Illustrated, iimo.cloth $i So 

MORRIS (B.) Easy Rules for the Measurement of Earth- 
-works, by Means of the Prismoidal Formula. 78 illustra- 
tions. 8vO|Cloth ISO 

MOTT (H. A , Jr.) A Practical Treatise on Chemistry (Quali- 
tative and Quantitative Analysis), Stoichiometry, Blow>pipe 
Analysis, Mineralogy. Assaying. Pharmaceutical Prepara- 
tions, Human Secretions, Specific Gravities. Weights and 
Measures, etc., etc., etc. New edition, 1883. 650 pages. 
8vo, cloth 400 

N AQUET (A.) legal Chemistry . A Guide to the Detection of 
Poisons, Falsification of Wnttags, Adulteration of Alimen- 
tary and Pharmaceutical Substances, Analysis of Ashes, 
and examination of Hair, Coins, Arms, and Stains, as ap- 

flied to Chemical Jurisprudence, for the use of Chemists, 
hysicianH, Lawyers, Pharmacists, and Experts. Translat- 
ed, with additions, including a list of books and Memoirs on 
Toxicology, etc., from the French. By J. P. Battershall, 
Ph.D., vnth a preface by C. F. Chandler, Ph.D., M.D., 
LL.D. lamo, cloth a 00 

NOBLE (W.H.) Useful Tables. Pocket form, cloth 99 

NUGENT (E.) Treatise on Optics ; or, Light and Sight, theo- 
retically and practically treated, with the application to 
Fine Art sid Industrial Pursuits. With X03 illustrations. 
lamo, cloth x i^ 

FEIRCE (B.) System of Analytic Mechanics. 4to, cloth xo 00 

PLANE \BLE (THE). Its Uses in Topographical Survey- 
ing. Fh>m the Papers of the U. S. Coast Survey. Illustrat- 
ed, r, cloth 3 00 

* Thie work gives a description of the Plane Table employed at 
tte U. S. Coast Survey office, and the manner of using it.'*^ 

PLATTNER. Manual of Qualitative and Quantitative An- 
alysis with the BlowPipe. From the last German edition, 
revised and enlarged. By Prof. Th. Richtcr, of the Royal 
Saxon Mining Academy. Translated by Prof H. B. Corn- 
wall, assisted by John H. Caswell . Illustrated with 87 wood- 
cuts and one iith»eraphic plate. Fourth edition, revised, 
SDopages. 8vo, cloth 5 00 

FLYMPTON (Prof. GEO. W.) The Blow-Plpe. A Guide to Its 
use in the Determination of Salts and Minerals. Compiled 

from various sources. lamo, cloth X 90 

The Aneroid Barometer: Its Constructioa and Use. 
Compiled from several sources, xfoio, boards, illustrated, ^ 
Morocco X 00 
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PLYMPTON (Prof. GEO. W.) The Star-Finder, or Plani- 
sphere, with Movable Horizon Printed in colors on fine 
card-board, and in accordance with Proctor's Star Atlas. . .$X oo 

POCKET LOGARITHMS, to Pour Places of Decimals, includ- 
ing Logarithms of Numbers, and Logarithmic Sines and 
Tangents to Single Minutes. To which is added a Table of 
Natural Sines, langenis, and Cu-Tangents. x6mo, boards, 50 
Morocco • — X 00 

POOK (S. M.) Method of Comparing the Lines and Draught- 
ing Vessels propelled by Sail or Steam. Includmg a chap- 
ter on Laying-otf on the Mould-Loft Floor, x vol. Bvo, with 
illustrations, cloth 500 

POPE (F. L.) Mudem Practice of the Electric Telegraph. A 
Uand-Book for Electricians and Operators. Eleventh edi- 
tion, revised and enlarged, and fully illustrated. 6vo, cloth, a 00 

PRESCOTT (Prof. A. B ) Outlines of Proximate Organic An- 
alysis, for tiie Identification, Separation, and Quantitative 
Determination of the more commonly occurnng Organic 
Compounds. i2mo, cloth 175 

■ Chemical Examination of Alcoholic Liquors. A Manual 
of the Constituents of the Distilled Spirits and Fermented 
Liquors of Commerce, and their Qualitative and Quantita- 
tive Determinations. X2mo, cloth x 5° 

■' First Book in Qualitative Chemistry. Second edition. 
iamo,cIoth x 5P 

PYNCHON (Prof. T. R.) Introduction to Chemical Phpics, 
designed for the use of Academies, Colleges, and High- 
Schools. Illustrated with numerous engravings, and con- 
taining copious experiments with directions for preparing 
them. New edition, revised and enlarged, and illustrated 
by 269 illustrations on wood Crown 8vo, cloth 3 00 

RAMMELSBERG (C. F.) Guide to a Course of Quantitative 
Chemical Analysis, especially of Minerals and Furnace Pro- 
ducts. Illustrated by Examples. Translated by J. Towler, 
M.D. 8vo, cloth ...a as 

RANDALL (P. M ) Quartz Operator's Hand-Book. New edi- 
tion, revised and enlarged, fully illustrated, xamo, doth.. . 2 00 

RANKINE fW. J. M.) Applied Mechanics, comprisire Prin- 
ciples of^ Statics, Cinematics, and Dynamics, and Theory 
of Structures, Mechanism, and Machines. Crown 8vo, 
cloth. Tenth edition. London 500 

■ A Manual of the Steam-Engine and other Prime Movers, 
,^ with numerous tables ;ind illustrations. Crown 8vo, doth. 

^ Tenth edition. London, i8£2 5 00 

■ ■ A Selection from the Miscellaneous Scientific Paper* of, 

with Memoir by P. G. Tait, and edited by W. J. Millar, C.E. 
8vo, cloth. London, z88o. xo 00 
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